ABSTRACT HENNEY, H. (The University of Texas, Austin) AND R. STORCK. Nucleotide composition of ribonucleic acid from Neurospora crassa. J. Bacteriol. 85:822-826. 1963.-The nucleotide composition of total, ribosomal, and soluble ribonucleic acid (RNA) from the conidia and the hyphae of Neurospora crassa was determined. The corresponding RNA classes from the two morphological types had the same base ratio. Total, ribosomal, and soluble RNA from hyphae contained, respectively, 51.0, 50.2, and 61.6%, guanylic acid (G) plus cytidylic acid (C), and from conidia, 50.6, 49.9, and 62.1%. The proportion of nucleotides in ribosomal RNA was in close agreement with that reported for ribosomal RNA from other organisms. Soluble RNA contained 2.8% pseudouridylic acid, 36.0% C, and 25.5% G, and differed from soluble RNA from other sources in its high C content. Centrifugation of purified RNA from conidia and hyphae, through a linear sucrose-density gradient, yielded identical sedimentation profiles.
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Conidia and hyphae represent two distinct physiological states of the asexual life cycle of fungi, and they can be distinguished by their morphology and their chemical and enzymatic composition (Cochrane, 1958) . Similarly, one might expect to find differences between the physicochemical properties of their respective ribonucleic acids (RNA), despite the fact that Minagawa, Wagner, and Strauss (1959) found that their total RNA has the same base ratio. Indeed, this over-all composition might not reflect changes in the relative amounts or in the nucleotide composition of ribosomal and soluble RNA. In fact, there are cases involving bacteria (McCarthy, 1959; Woese, 1961) , yeasts (Wolfe, 1956; Koehler, 1962; Ashikawa, 1958; Louderback, Scherbaum, and Jahn, 1961) , and plants and animals (Peterman and Hamilton, 1961) in which the properties of ribosomes and the number of ribosomes per cell are modified when the physiological state is altered. In the present work, the nucleotide composition of RNA from growing hyphae and resting conidia has been determined. The results agree with those of Minagawa et al. (1959) . Furthermore, it was found that the composition of ribosomal or soluble RNA was also identical in both morphological types.
Soluble RNA contained pseudouridylic acid and more guanylic acid and cytidylic acid than did ribosomal RNA. Also, purified conidial and hyphal RNA had the same sedimentation velocities in a sucrose-density gradient.
MATERIALS AND METHODS
Cultures and cell-free extracts. A wild-type strain of Neurospora crassa (Storck, 1963) was used throughout this work. Hyphae were grown with forced aeration in a liquid synthetic medium and harvested under conditions described elsewhere (Storck, 1963) . Conidia, from cultures 7 days old, were carefully removed from the solid medium with 0.01 M tris(hydroxymethyl)aminomethane HCl buffer (pH 7.4) containing 10 ,umoles/ml of MgCl2 (tris-Mg). Aggregates were dispersed and hyphal fragments destroyed by a 1-min homogenization in a Waring Blendor. Conidia were washed by centrifugation. Hyphae, in tris-Mg, and conidia, in tris-Mg plus 2 volumes of trifluorotrichloroethane (Martinek and Storck, unpublished data) , were disrupted by shaking with glass beads in a Nossal disintegrator at 0 C. The extracts were cleared of large debris by a 15-min centrifugation at 3 C and 15,000 X g. The RNA concentration in the supernatant (15GS) was estimated by assuming that an optical density at 260 m,u (OD260 ,i,) of 1.0 corresponds to 50 ,ug.
Fractionation of cell-free extracts. On a linear gradient composed of 14 ml each of 20 and 3% sucrose, both in tris-Mg, 2 ml of 15GS containing 4.5 mg of RNA were layered directly. The 15GS was centrifuged for 255 min at 25,000 rev/min in an SW 25 head of a Spinco model L preparative NUCLEOTIDE RATIO OF N. CRASSA RNA ultracentrifuge. Fractions were collected, their OD260 n,,measured, and only those corresponding to the top of ribosomal and soluble peaks were hydrolyzed. In some cases, prior to hydrolysis, RNA was extracted and purified by the phenol method of Gierer and Schramm (1956) , precipitated twice with cold absolute ethanol, dissolved in tris-HCl buffer (pH 7.4) containing 50 ,umoles/ml of KCl (tris-KCl), and dialyzed for 8 hr against the same buffer.
Chromatographic analysis of hydrolyzed RNA. The 15GS and the ribosomal and soluble fractions were precipitated at 0 C with 0.5 N perchloric acid (PCA), centrifuged, and the supernatant discarded. The pellets, free from cold PCAsoluble material, were dissolved in 0.3 N KOH and hydrolyzed at 37 C for 18 hr. Unhydrolyzed material was then precipitated with 0.5 N PCA and centrifuged (Smith, 1955) . The supernatant was brought to pH 10.0 and chromatographed. Purified RNA was directly hydrolyzed as above. Hydrolysates, containing the equivalent of 1.8 to 7.2 mg of RNA, were adsorbed on washed Dowex (1 by 8; 200 to 400 mesh) in the formate form. The column was 2 cm in length and 1.2 cm in diameter. Impurities, cytidylic acid, adenylic acid, uridylic acid, and guanylic acid were eluted in that order by the stepwise addition of water and 0.005 N, 0.025 N, and 0.1 N formic acids, 0.05 N NH4 formate-0.01 N formic acid, and 0.2 N NH4 formate-0.1 N formic acid, respectively. The OD260 m,, and the OD280 m;, of each chromatographic fraction were measured. The amount of nucleotide present in each peak was determined by integrating the values obtained by dividing the OD260 mp readings by the molar-extinction coefficients given by Beaven, Holiday, and Johnson (1955) . The individual fractions with a characteristic OD280 m OD260 ms ratio were pooled, and the nucleotide content was again determined. The results obtained by these two independent determinations agreed in all cases. Known amounts of the four 2'-3' ribonucleotides (Boehringer) were recovered in totality after their chromatographic separation from mixtures, as indicated by spectral and phosphorus analyses. Also, the base ratio of Escherichia coli ribosomal RNA was determined and was the same as that reported by Spahr and Tissieres (1959) . Pseudouridylic acid was identified in the elution diagram as a peak preceding uridylic acid and further characterized by its absorption spectrum and its
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Fractions FIG. 1. Density-gradient centrifugation of the supernatant (15GS) from hyphae. Fractions 0 and 26 correspond respectively to the bottom and the top of the gradient. The peak located near the bottom corresponds to 81S ribosomes and the other peak to soluble RNA and proteins. Only fractions 6 to 10 and 23 to 26 were used for hydrolysis or RNA purification. characteristic OD2w,m; rise when the pH was raised from below 8.0 to 12.0 (Cohn, 1960) .
Density-gradient centrifugation of RNA. Purified RNA was centrifuged through a sucrosedensity gradient (2.5 to 15%) for 10 hr at 25,000 rev/min in an SW 25 head of a Spinco preparative ultracentrifuge. Fractions were collected and their OD260 m measured.
RESULTS
A typical diagram obtained after centrifugation of the 15GS through a sucrose-density gradient is shown in Fig. 1 . It is characterized by two peaks, one corresponding to 81S ribosomes and another to soluble RNA and proteins (Storck, 1963 Pseudouridylic acid, present only in soluble RNA, accounted for 2.8%. In each case, the base ratio of soluble RNA was different from that of ribosomal and total RNA. The cytidylic acid content was 13% higher, whereas the content of adenylic and uridylic acids were respectively 6 and 5% lower. A comparison of Tables 1 and 2 shows that the three RNA types are identical in hyphae and conidia. Since this does not necessarily mean that two corresponding RNA types have similar sizes, purified conidial and hyphal!ribosomal RNA were centrifuged through a sucrose-density gradient. Two profiles with two major peaks in perfect coincidence and with the same shape are shown in Fig. 2 . These peaks corresponded, respectively, to 28S and 19S RNA (Storck, 1963) . Similarly, hyphae and conidia contained the same type of soluble RNA. Density-gradient centrifugation of purified ribonucleic acid (RNA) from hyphae (a) and conidia (b): ml containing 4 mg of RNA was layered directly on a linear sucrose-density gradient composed of 14.6 ml of 16% sucrose and 14.6 ml of 2.5% sucrose, both in tris-KC1 buffer.
However, those authors found 26% cytidylic acid, whereas our average value for cytidylic acid of conidia and hyphae was 23.6%. Therefore, the guanylic acid plus cytidylic acid content was 2% higher. Like other fungi analyzed so far (Uryson and Belozerskii, 1960; Vanyushin, Belozerskii, and Bogdanova, 1960) , N. crassa has an RNA corresponding to a weak guanyliccytidylic (GC) type. The deoxyribonucleic acid (DNA) of N. crassa is also of the GC type (54%; Schildkraut, Marmur, and Doty, 1962) and, therefore, resembles the DNA of other Ascomycetes.
The nucleotide composition of ribosomal and total RNA is almost the same in N. crassa. This indicates that, as in other organisms, ribosomes account for the bulk of the cell RNA. Also, as in other organisms, guanylic acid is most abundant in ribosomes and then, in descending order, adenylic, uridylic, and cytidylic acids.
In N. crassa, the soluble RNA has a unique nucleotide composition as compared with that of ribosomal RNA. It has more guanylic and cytidylic acids and it contains, in addition, pseudouridylic acid. The same situation prevails for soluble RNA of yeast, bacteria, and animal tissue (Osawa, 1960 Our expectations of differences between the RNA of resting conidia and growing hyphae were not fulfilled. Not only are the nucleotide composition and average molecular size identical, but also, as recently shown by Schulman and Bonner (1962) , the distribution of RNA between ribosomes and soluble fraction is almost the same in conidia and hyphae; furthermore, their ribosomes have the same sedimentation coefficient (Martinek and Storck, unpublished data). We, therefore, conclude that if a difference exists between the RNA populations of such physiologically diverse entities, it might be due to the existence of a unique RNA type present in very small amount. Such a type, the repressor RNA postulated by Jacob and Monod (1961) , could be present in resting forms such as conidia or ascospores, which do not synthesize proteins.
